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"iSSW: ^^^^^^^^ 

proved ,„ ,„ e above 8 P ycycfc norboran. monomers r,a»e been ' he a *™g a,™^ 

For examp.e. Japanes , ^ Kote| a S por,mer materia|s ^ 

to. resist,. How ™ Cl^f 5 su * « "orbornenes are s «e *, ^ P ^ "P" 1 *"™" or n. atove 

: -.r m o,e. J apa„. MP a, enlKokokuNo5e . 434i2d , ""° * " «- 
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TPA is a monomer which is available h 
As a result of intensive research conn., t-wu resistance, contains 

■ 92625, CP tnmers need not be 
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rem0 Holv n J ? 31 ° btainin9 aOSS,inked P°'y mer ™*tad product ' 
However, rt » necessary to remove these CP trimers in orZ?^ I • L 

optical materials. The inventors have found that these CP i^JS£T J*"™ C ° ntainif19 00 9el ,0 be ^ 'or 
can be sufficiently removed by rectification and further to^^^5? been considered to be difficuf, ,o sepSaTe 
by caring out ring-opening polymerization with reducing c»lnt of 9 ,f9e ,rom «" be obLned 

and Cp 10 10/ by wejgh , 0f |ess ^ q s% Jjca ,o (CP ^„ , n Die.s-Alder reaction product of THl 

erably a Z.egler catalyst comprising an organoaluminum comoound Z nn ?^ en,n 9 po^merization catalyst, pre,- 
more preferably in the presence of a chain olefin as a Z and an amine activator and 

genat.on product of the resulting ring-opening polymeMs co tor es Z ^ " ^ ^ ' Urther '° Und Ihat ^ 
convenfonalonesandhassufficientstrength and heat ' S Sma,,er in b ^ringence than 

According to the present invention, the following hydrogena^^^ h3S been ac «™P'ished. 

a process for producing them are provided varo 9enated polycychc norbornene ring-opening polymers and 
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(1) Hydrogenated polycyclic norbornene rinq-openino n Q |„ mor „ h . K 

ollowing formuias [I] and [II] or their e^^^^J^^^ — ng units represented by the 
has an .ntnnsic viscosity foj o, 0.01-20 dl/g measured in to ene at 25- c ? ? 1 ° m °' % °' ,0,a ' pol ^ er 
based on (C ~ C) bonds which constitute main chain °' and C ° n,a,ns at least 5 °% of single bonds 




CH--=CH 



[II] 




CH=^.-CH- 



(wherein ~ denotes a single bond or a double bond ) " 
(2) A process for producing a hydrogenated polycyclic nmhom.™ ■ 

genating with hydrogen a, leas, 50% of dtJkZ^S^^^^ Characteri ^ by hydro- 

mg polymer which contains recurring units represented bv^e .Z ^ * nor bornene ring-open- 

un-ts in an amount of at .east 10 mo.% of ^^^^^^^^^Z^i 

measured in toluene at 25°C. P°iymer units and has an intrinsic viscosity foj of 0.01-20 d/lg 
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CH=CH 



[II'] 




CH=CH- 



The present invention will be explained in detail. 
(Monomers) 

In the present invention. 5,8-methano-3a 4 4a 5 B Bp Q o a .~, u ^ 

ano- 1 .4,4a.4b.5,8.8a,9 a oc.ahydro-9H-f,uorene 'i^^ J^^^'T^' (MBH,) and 

bornene monomers. 1 n are used as monomers, ,f necessary, together with other nor- 
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MBHI and MOHF which are monomers used in the oresent inuantim o « u 
the following formulas [A] and [B]. respectively. ' °" 3,6 no ' bo ™™-™nnmer S represented by 
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(MOHF) 

The above MBHI and MOHF are obtained bv subjection ^ a i ^ t . u ^, • 
(CP) to Diels-Alder reaction to produce an adducUTPA) oM^ (TH,) 3nd ^Pe^diene 

thereof such as boiling point are close tol?^^ 

mixture is usually 40*0 mol% of MBHI and 60-40 mol% of MOHF ^ R3ti ° °' them in the 

This TPA obtained through Diels-alder reaction contains rp trim^. 
[D] as by-products and hitherto, the TPA has ^JZZ^Z^TZZ! * ? '°" 0Win9 '° rmUlaS [C) 3nd 
to that of TPA and are difficult to separate them by disHlS 9 ^ ^ ^ b ° ilin9 points close 
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[C] 



(4.9:5.e-dimethano-3a.4.4a.5.8.8a.9.9a-o C tahydro-1H-benzoindene) 




[D] 

(1.4:5.8-dimethano-1,4.4a,4b.5.e,8a.9a^ctahydro-9H-fluorene) 

Of these CP trimers, especially the compound represented by the formula mi k a M, m , , 
tathes.s reaction and only crosslinked polymers containing qel can be obS J b,,uncX ™* compound in me- 
without removing it. 9 961 can be obtained w "en rmg-polymerizalion is carried out 

Therefore, in the present invention, content of CP trimers in the arM,.i«„ ~w 
reaction of TH. and CP is reduced to 1% by weight or les TZ^l O wT ° M:1 Pr0dUCed by Diels - Alder 

of CP trimers is more than 1% by weight the resulUno rin™ V f V ""^ ° r ,SSS by reclifi «tion. If content 
thereof is unsuitable as optical materials 9 gal and hydrogenation product 

By using such monomer mixture of MBHI and MOHF containinn at 
polymer free from gel can be obtained even at a conversS of 907 o 7™ I °' ° P '^^ 3 rin 9<>Pe™9 

The above MBHI and MOHF are obtained as a m ZZ l D^l a?' ' ^ 95% °' ^ 
MOHF may be substituted with alky* such as me hv. e hvl a d o olt. k T °' TH ' ^ CR ThSSe MBHI and 

their easy availability. V ' V 3nd Pf ° Pyl ' but "substituted ones are preferred in view of 

These MBHI and MOHF produce the above recurrinq units f n anri fiim h„ • 
and produce recurring units [I] and [II] by hydrogenation of the KSZT 9 

In the present invention, only the monomer mixture of MBHI and MOHF^ay be used, but it may be copolymerized 
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with known norbomene monomers. The copolymerizablem^ 

? '° l,0Win9 ' 0rmutes ™ W ™« P ^^^ s: b S:r nC,Ude - ,0r ^ mp,e ' norb -ene compounds reD 
bomenes hav.ng 5 or more rings such as asymmet ic rimers of , u ^ mpoun " ,here °'- Furthermore, poiycy Cl l T 
.u.ed product thereof may be used in combination ^ Z ^^T^ ^^-^PtadeceneS^^. ' 

The compound represented by the formula TR k ,J, . com P° un ds. ana subs "' 

lower alkyl group, e.g., methyl, ethyl and propy and l7l :,0dodece ™ CCD), which may have substituent such . 

an. „ Mf a,.n 3 , eacli<)n mto , e by «d n , rb o menes , 0 LTaS™ r ° ea Tta 
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(wherein -» denotes a single bond or a double bond) 
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DCP(s) form recurring unit [IV] by ring^pening 



polymerization and form recurring unit [IV] by hydrogena.ion. 



[IV] 




CH=CH 



[IV] 




CH- 



The compound represented by the formula rn o ,_ 
. The substituents are the same iSZ^^T^ ^ ^ have su ^'^en. 
n eth d ; 2 ' 0r h eXamPl6 ' no^re^s c T7me^ I? ' 0rmU,a fE) «* SUbstitu ' ed "^rnenes 

bo / e Tn? 0 ^" ^ 5 - bU,y, - 2 " n0rbo — ■ Ci2S^ 5.6-dime.hyl- 2 -norbornene 
nene^and polar group^on.aining norbornenes such as 5 chZ o n °* 0menes su <* as 5-ethylidene-2-nor- 
ro2.norbornen e ,and5.me,hox y c a rbony.. 2 - norbome S n U e Ch 35 5 P he "y'-2-nor b omene. 5- C yano-2-nor b omene. ScZ 
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NB(s) form recurring unit [V] by ring-opening polymerization and form 



[G] 



recurring unit [V] by further hydrogenation. 
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[V] 




CH=CH [V] 




CH — CH- 



Among the above compounds, preferred are nonDolar one* nam*!,, . 
dene-substituted compounds from the point of wateTSto * UnSUbStltUted com P°^ and alkyl- or alkyli- 

By using MBHI and MOHF as monomers, molded products of less optical dk,«rf 
temperature region can be obtained and besides they are excellent I^Z^™ * ^ ^ 

Other norbornene monomers are used in combination with th* *k Ulfe,nn 9 ence - 
and modification. On the other hand, when f^^^'^^^^ imp ~' °' P—sability 
of MBHI and MOHF is used for ,he purpose of improving XsZZe T^ZZ ^ T * ^ 

In the case of using other monomers in combination J!S^J^f?X^ ,e «'e. 
perature of molded product increases, but when the c\as S ^ZZ , °' TC ° (S) [E] ' 9 ' ass transi,ion dem- 
and besides birefringence value which is ^Z^^l^^ P rocessabi ''^e,eriora.e S 
amount of DCP(s) [F] or NB(s) [G] increases glass tr^sKio^emnl? characteristics becomes inferior. When 

effect to improve birefringence value is low temperature does no. increase enough and nevertheless 

sa^^s^^ 
combination, amount .hereo, is preferably within ^^^^S^i "™ ^ °' ^ an ^ in 
when TCD(s) are used, these are preferably used in an amounttn wh 2 n !r lem P^ature is 1 1 O'C or higher and 
viewpoint, amount of other norbornene monomers is 90 o? 2 n T Va ' Ue * n °' damaged From such 
50 mo.% or less. Other norbornene monomers are usedTinot or fo ^ ' V ? ° m °' % ° f l6SS and most P^erably 

in order to obtain polymers having a g,ass ^^^S^ ^ °' ™* °< 
it » appropriate to copolymers TCD(s) in an amount of 20-50 mol°/ 9 ^ eXCe,le^, in bi '^9ence; 

doub.e bond such as cyclopentene. cyclcoctene. an eTy^ £ Z™T "* C ° mP ° UndS haVi " 9 006 reactive 

Polycyclic norbornene monomers include c^un* * P ' 

pounds are a P , to bring about ge,ation of pofym^^e^^r° r,, H rMCliW d ° Ub ' e ^ COm " 

Furthermore. in polymerization i, is preferred to add chah 1 , ? ° rem ° Ved as much as P° ssi °'e 

butene-,. penlane-l. hexene-1. octane-?. bu.ene-2 pen.ene 2 3? f ? "h**" diolefins such as 

less, preferably 0.01-5 mol%. most preferably 0 2-3 mol% for m ^lr , 3 ° am ° Unt ° f about 10 mol % °r 

weight modifiers, especially preferred are 1 ^s^ ^^T^ iT* ^ * non9 ^ e ™' ecular 

i. peniene-i, hexene-1, and octene-1. 

(Polymerization catalysts) 

Ring-opening copolymers of these monomers are Drodurpri h ■ ■ 
bornenes and polymerization catalysts used are no. critical and in, ll , rin 9-°P enin 9 Polymerization process of nor- 
metals such as ruthenium, rhodium, palladium osmium iridium '"f' 6 ',' 0 ' exam P ,e - compounds of platinum group 
46-14910). compoundsoftransition metals m^^Z^Z^^ ^ P ^ K ° kok " No 

compounds of metals of Groups l-IV of the periodic table and Tu^'rl ^T"" and ,un 9sten, andorganometallic 
may be added to these catalyst systems (e.g Japanese ^ P^en Kotw m' * COm P° nents ^ « tertiary amines 
Japanese Paten. Kokai Nos. 54-86600 and 58-1 2?723) "1-20111. 57-17683, and 57-61044, and 

aliphatic or aromatic tertiary amine is added. or 9 an °alum.num compound to which a third component such as 

Examples of polymerization catalysts are shown below. 
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Transition metal compounds 

As metal compounds, compounds of transition metals surh ac ™ r 

typical examples of the compounds are as follows: 

TiC€ 4 , TiBr 4l VOC€ 3 , VOBr 3 , WBr 2 , WBr 4 , 
WBr 6l WC€ 2 , WC€ 4 , WC€ 5 , WC€ 6 , WF 4 , Wl 2 , 
"> wi 4 , WOBr 4 , WOC€ 4 , WOF 4 , MoBr 2 , MoBr 3 , 

MoBr 4 , MoC€ 4 , MoC€ 5 , MoF 4 , MoOC£ 4 , 
McOF 4 , W0 2 , H 2 W0 4l NaW0 4) K 2 W0 4 , (NH 4 ) 2 W0 4 , 
Cawo 4 , CuW0 4l MgW0 4 , (CO) 5 WC(OCH 3 ) (CH 3 ), 
(CO) 5 WC(OC 2 H 5 ) (CH 3 ), (CO) 5 WC(OC 2 H 5 ) (C 4 H 5 ), 
(CO) 5 MoC(OC 2 H 5 ) (CH 3 ), (CO) 5 Mo=C(OC 2 H 5 ) 

(N(C 2 H 5 ) 2 ), tridecylammonium molybdate, and tridecylammonium tungstate. 
Orqanometallic compounds 
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, ah ,fThT allicc T^ 

S?"c2Z Z~ m compounds ' or9ano,in compounds - and compounds o( 

Organoaluminum compounds include, for example, trimethylaluminum, triethylaluminum, tri-n-propylaluminum tri- 
.sopropylalum.num, trnsobu.ylaluminum. Irihexyta.uminum, triocty.aluminum, triphenylalyminum. uL^ZZm d - 
e.hylalummum monochloride. di-n-propylaluminum monochloride. di-isobulytaluminum monochloride di-n butZum 
num monochlonde. diethylaluminum monobromide. diethylaluminum monoiodide. diethylaluminum moX d 

d, n-propylalum,nurn monohydride, diisobutylaluminum monohydride, me.hylaluminum sesquichloride eSmtum 

dichloride, isobu.ylalum.num dichlonde, propylaluminum dibromide, and ethylaluminum diiodie W"™™™ 
, et r^ir' , t n t COmPOUnd r indude : ,0r exam P |e ' tetramethyltin, diethyldimethyltin. te.rae.hyl.in, dibu.yldiethyl.in 
J?? !; ^7 ' tet ^Phenyl.in, .rie.hyl.in fluoride, .rie.hy.tin chloride, .rie.hyl.in bromide, triethyltin iodide 
d ethyltin difluonde. die.hy.tin dichloride. die.hyl.in bromide, die.hyl.in diiodide, ethy.tin trifluoride, e hyl t n chSde 

e. hyltin .r,brom,de. and e.hyl.m trnodide. Other examples of organome.allic compounds are n-buty lithium n penX 
dium methylmagnesium iodide, ethylmagnesium bromide, methylmagnesium bromide, n^i™SiS£ST 

;;'n u n y a zr ide ' a,iyima ° nesium ch,ofide - .^.^ ^^ 25 

Third component 

a thiSS^JS? T*l ^ b ? ? nhanCSd Sel6CtiVity °' rin ^ e ™9 polymeriza.ion can be improved by adding 

iZt T T ^ 3 T " SyStem ' AS eXamP ' eS °' the thifd COm P° nent ' men,i ° n ™v ^ made of motecuS 
oxygen, alcohols ethers. P erox,des, carboxylic acids, acid anhydrides, acid chlorides, es.ers. ketones nitrogen^on 

.a = compounds. su,fur<on.aining compounds, halogen-con.aining compounds, molecular iod.ne. and Lew s acS 
tri-n-butylamme, pyridine, and a-picoline. "cuiyidnmne, 
(Solvent) 

hu, r^T r T 0n °' rin9 -° pening COpo| y mer used in ,n * P«sent invention can be carried ou. without using solvent 
but can also be carried out in an inert organic solvent. 9 foiveni, 

a , nn X r a PleS r ere °' hydrocarbons such as be ^ene. loluene. and xylene, aliphatic hydrocarbons such 

as rvpentane. hexane and hep.ane, al,cycl,c hydrocarbons such as cyclohexane, and halogena.ed hydrocarbon such 

InoT™ d ' Ch T e - diCh ! 0r0e,h r e ' ^'°-e.hy,ene, .e.rachloroethane. chlorobenLe. dichESSS an 
tnchlorobenzene. These may be used singly or in combination ol two or more. 

(Polymerization temperature) 

Temperature condrtion for ring-opening polymeriza.ion is no. critical, but usually an optical temperature is selected 
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from -20°C -100°C, preferably 10-50°C. 
(Polymerization pressure) 

Polymerization pressure is preferably selected from 0-50 kg/cm 2 . 
(Hydrogenation) 



The hydrogenated ring-opening copolymer of the present invention can be obtained by hydrogena.ino the rino coen 
mg copolymer to saturate a part or all of olefinic unsaturated groups (double bonds in th* f 9 ^ 

ring) and thus, heat deterioration resistance and light deterioration esTsfcnc Tot e Svm ?1 T T^*** 
Hydrogenation rate can theoretically be 0-100% in case that when afdoubf. hnnl Y ,T * ' mpr ° Ved 

saturated by hydrogenation. the hydration rate is «Z^"^^^™Z 
w,th,n the above range. However, in order to improve heat deterioration resistance and light ^^2!^, 
is necessary that a. least 50% of double bonds in the main chain are hydrogenated to single ZZT ' 

The hydrogenation reaction of the ring-opening copolymer is carried out bv n«n =,i nrrJL. A u , 

,e^z^^:^^ ss~r.r nickei - r d,um ' and piati ^ and 

nic k e ;f ic, ni—maceous earth. Pa.-adit^ 

S^o^o. m^STH."^ 8 ' memi ° n ^ b8 °' ,h ° Se WhiCh haVe 3 Substrate » ml. befon'g o 
to Group VIII o the periodic table, for example, those which comprise Ni or Co compound and an organ ometaS Tcom 

a °;; ° h 2 w T t Gf0UPS '"' °* ,h6 PSri0diC ,3ble SUCh as nickel naphtherateAriethyLuZrctoa ITe' 
na.e/n-buty.h.hiurr, and n,ckel ace.ylacetonate/trie.hylaluminum. Further examples are Rh compounds 

Hydrogena.,on reaction ,s carried out in homogeneous or heterogeneous system depending™ the kind of catalvst 
and under a hydrogen pressure of 1 -150 atm andatO-180°C preferably 20-1 00°r Hu ril„ , T V 

adjusted by changing hydrogen pressure, reaction temperaiure ^ac o^time SnSSS^? T tt^ 
in order tha, the hydrogenated product has excellent heat *U^^^£^^£T^ °' . ' 
leas. 50% of double bonds in the main chain in the porymer m^lT^^^JTlT^T ^ * 

is a. least 80%. more preferred hydrogena,,on rate is at leal. 90% h * r0flena,ed - and pre,erred hydrogenalch rate 

(Hydrogenated ring-opening copolymer) 

Ring-opening copolymer used in the present invention has an intrinsic viscosity fo J of 0 01 -20 dl/q pref erablv 0 110 

Specifically, the hydrogenation product of the present invention can be «i,it fl hi» ™«»r«n«* • . 
temperature (Tg) within the range o, about 110'C - about 180'C, preferably 12oT " 6 oT " 9 ™ 

so<ven.l?^ T™* " ' i9ht tranSmiSSi ° n ' Water resistance ' ch — ' -sistance, 

solvent resistance, and mechanical properties and is especially suitable as optical materials 

in addition, the hydrogenated ring-opening polymer is further imnmuori ir, k«,. ' .• 

deterioration resistance as comparedlitr nhe ?ing-o P ening ^ZZse" ^ ^ m 

As is clear from the facts that the hydrogenated rinq-ooenina connivmor m« 
transition, temperature and its unsa.ura. d groups are ^^^2Z^, P ^ 7**™ ^ 9 ' aSS 
being excellent in heat deterioration resistance and mtZ^^S^T " ,UCh P °' ymef 33 

balanced intransparency.chemica.resistance.andme 9 .^ 
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ucts in a wide variety of fields. - 

For example, the hydrogenated polymer of the present invention r^nhn.,t;i;,«w 
op.ica, disc, optical fiber, and glass window, electrical fields sZT^er ton tric^f f "* ^ 

for liquid costal display, printed substrate, high-frequency chcS Ss rate and ,1 ran96 ' SUbStfa,e 

5 and film, medical and chemical fields such as inject pZ and Jl nf ' ' ran K Sparen, electroconductive shee, 
instruments, housing, film, sheet and helmet. ' ' ^ ""^ 8nd ^ wanou » fields such as various 

The present invention will be explained in detail bv thf> fni!nu/i™ nm i; m v 
where parts are by weight unless otherwise no.tfied. 9 ^ eXamP ' eS and examples, 

'0 Synthesis Example 

An equimolar mixture of 3a,4.7,7a-tetrahydroindene of 99% or hioher in ouritv a „n ^ 
to Diels-Alder reaction in an autoclave at 230°C The reaction mixture 1 Tn h ^fP entadiene was objected 
X of MOHF and MBHI containing 40% o, cyctap^^^T^r^r, ^ * 3 ^ 

« Analysis of the mixture X by gas chromatography showed that proportion of MOHF and MRHi m , „ m , ■ , 

and 155 of the CP trimer was 1 .4:5.8-dimelhano-1 ,4,4a,4b,5 8 8a 9a-oc.ahvdro QH fi™ w ! V eqUlm ° lar 

[D]). =.°.°<J.»a ocianydro-9H-fluorene (compound of the formula 

The mixture X was further rectified to obtain a fraction of 1 01 -1 05T /mivt, . ra v^ ^ ^ < .• 
• Z) under the conditions of 2 mmHg and a reflux ratio ol 1/20 'faction of 105-1 09°C (mixture 

Analysis by gas chromatography showed that content of CP trimer was 0.5% in mixture Y and 5% in mixture Z. 

Example 1 

2S nJ° PaftS °' !T iXtUre Y (CP ' rimer C ° nten ' 0 5%) ° btained in S y nthesis Exa ™P'* was dissolved in 200 parts ol cv 
» clohexanone and one part of hexene-1 was added thereto as a molecular woi„ht ^ r -r .1 P y " 

added 1 0 parts of 1 5% solution of triethylaluminum ^ZlTZ^owL^l h i T^V^ WM9 
o, titanium tetrachioride in cyc.ohexan/and ring-opJng 1 ° PartS °' 2 ° % 

After 30 minutes from starting of polymerization, 10 Darts of 5% edition rt f u u. ■_. - 

was added a, the point of a conversion Je o, 85%. foJ^^ T'T™ 
» was added to stop the reaction. Thereafter, the reaction mile ^ 

precipitate polymer, followed by filtration. Conversion rate (Yield) was 97%. e'°ne/.sopropyi alcohol (1/1 ) to 

The resulting polymer was again dissolved in 300 parts of cvclohexane and 1 nan «r „ a »^ 

As a result of analysis of this polymer by proton NMR spectrum it was confirmed that ah cnmii«« «i . 
» from do uble bond disappeared and neaf|y comp|ele hyd P ena(jon ^i^^i^^P^" ^9 

Th,s hydrogenated polymer had an intrinsic viscosity of 0.6 d^g measured in toluene a^^si Gtes s transit 
temperature ol the hydrogenated polymer measured by DSC analysis was 1 1 8°C. 

This hydrogenated polymer was molded to a plate of 1 2 mm thirW hu hot r,r D c. „„ -j 
. m easuredtoobtaina,i g ht,ransmittanceo,90%orhi gh e:L^oTm " £^2^ ^ ^7 ^ 
- polymer. Further, the plate did not soften even when this was heated to 130°C ^0^^ k ° na ' 

.he polymer using toluene solvent and this fi.m had a suff^^glh. Wate'r a^o , o ^waTo 1 ToTj SZ 
obse " C :r eVa ' Ua,ed bY diPP 7 ^ 3b0Ve P ' a,e ln ethyl acetate and a «.one a, room temperatur (o 20 ho!r an d 
287 riuT 96 " 3PP : aranCe Chem ' Cal reSis,ance was eva '-'ed by dipping the pia.e in 97.6% sulfl acid and 

Comparative Example 1 
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polymers which were not suitable as optical materials were obtained. 
Example 2 



filtration and dried to obtain 94 parts of hydrogenated polymer * 5 P W3S C °" eC,ed by 
This hydrogenated polymer had an intrinsic viscosity of 0.6 dl/g measured in toluene at 25°C 

- « -d . liow «. OM .0 n** « m TSK 9 e, ^-O^'S^ ^Z'^l 

10 4 , and molecular weight distribution Mw/Mn: 27. * * 9 3 x 
Glass transition temperature of the hydrogenated polymer measured by DSC analysis was 123*C 
This hydrogenated polymer was molded into a plate of 1 2 mm thick hv hnt nr. ■ « w 

were measured. Ught transmittance was 90% at 400 nm and I 91% a. Snm ' °' P ' a ' e 



Example 3 



In a 1000 liter reactor were charged 330 parts of dehydrated IoIuphp o *\ • ■ .u , , 

triethylamine. and 0.70 par, of 1-hexene unde nitrogen a ToXe V^^^^ *'l W °' 

mixture Y and 0.B0 part o, titanium tetrachloride were'continuo y dd* Z " ^ °' 

to allow polymerization reaction to proceed. The reaction was stoooed b n J T P ° Ur 

ho^ueous ammonia (0.5 part/0.5 pan) and then the acton m Z W a poS IZSET? T ^ 
to coagulate it. The precipitate was coNected by fixation and vacuum dri d a 170'C and 1 , J ? ^'^0, 
obtain 1 21 parts of a ring-opening polymer (yield 66%). ^ 5 '° rf '° r 24 h ° Urs ,0 

The resulting ring-opening polymer was dissolved in 600 parts of cyclohexane and ? 4 ^ M ii arf , . 
catalyst (supporting amount: 5%) was added to the solution in a 2000 *2 ^reactor and ^htS. ? C3rb ° n 
a.lowed .0 proceed for 5 hours at 140'C under a hydrogen pressure 0 70 ko/crS Th. h" h 9 J" reaCU ° n 
filtrated .0 remove hydrogenation catalyst and was pourec So 1 6 S parts ^of isooroov, ^T°\ °" 
precipitate was collected by filtration vacuum dried at 70'C and 2 J t ? P Tu make coa 9 ulatloa The 

600 parts ol cyclohexane. Th. so.u.ion wa poZ fin e "SS^J^J^^ ^ ^ 

^^^^ 

of 30 mm* (TEM-30 manufactured by Toshiba MacZ Co., LtdTa 25o4 "iCoe T, 9 * T 

into an optical disc substrate of 1 30 mm in diameter and 1 25 mm in thickness bv an fnS ^ 

<™cewasea%at_^ 
Examples 4-7 

of mixture Y as monomers and compositions ol the monomers were as shown in Table 1 In VhZ „™ 
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Comparative Example 2 



Example 3 was repeated except that ETD was used as monomer. The resuKs are shown in Table 1 . 
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1 . A thermoplastic hydrogenated polycyclic norbomenp rinn^~ • 

the following formulas (.] and ^^^JS7S!Z^^ fepresented b V 

based on total pofymer units, an intrinsic vfcco^W 2 C 01 20 dt/oT ^ ™ °' « ,east 10 ™* 

50% of C ~ C bonds which constitute main chai ^irltgle bonc^ ,0 ' Uene " '°' "* 31 ' eaSt 




CH — CH- 



til] 




CH ZS^. CH- 



wherein ~ denotes a double bond or a single bond. 
3. A hydrogenated polymer according to claim 1 . which . 



bomene monomer. 



i contains hydrogenated product of polymer unit of other 



nor- 



4. A hydrogenated polymer according to claim 3 wherein th» hw^~ 

bornene monomer is represented by the llLTZV^ZTiT ^ * P °' ymer ^ °' ^ ^ 




CH — CH- 



J 



[III] 




CH ZTZ CH- 



[IV] 



CH- 



wherein ~ denotes the same meaning as mentioned above. 
Hydrogenated polymer according to claim 3. wherein 



[V] 



or more. 



amount ol the units [IJ and [II] in total polymer units is 30 



mol% 
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6 ' 50 h Sro; a mcre PO ' ymer * * ^ °' ^ ^ «« !"! in '°< aI -its is 

7. A hydrogenated polymer according to claim i , wherein hydrogenation rate of double bond is 80% or more. 

8. A hydrogenated polymer according to claim 1 , wherein hydrogenation rate of double bond is 90% or more. 

9. A hydrogenated polymer according to claim 1 , which has a glass transition temperature Tg of n 0 °C - 180'C. 

10. A hydrogenated polymer according to claim 1, which has a glass transition temperature Tg of 130°C or higher. 

11. A hydrogenated polymer according to claim 10 which comprises recurring units [I]. [II] and [III]. 

12. Ahydrcgen^^ 

13 ' LlZTl* rr Cin9 , 3 hy ? rC T ated n0fb0mene ^^Pening polymer which contains recurring units repre- 
bas d , ^ r? ' 1 [HI ° f th6Se mitS SUbSti,Ut6d With alk ^ in an a — - ^ least 0 mo % 

lis 5o"/ at^r ' " , and 3n in ' rinSiC ViSC ° Sity hl ° f 0 01 " 20 ^ ™ asured in W«ene at 25'C a 

least 50 /. of olefimc unsaturated group contained in the polymer being hydrogenated: 




CH rzr CH- 



[II] 




CH Z^L CH 



wherein ~ denotes a double bond or a single bond, which comprises the steps of: 

(1) subjecting 3a,4.7,7a-tetrahydroindene and cyclopentadiene to Diels-Alder reaction 
2 reducing content of cyclopentadiene trimer in the resulting polymer to 1% by weight or less 
(3) carrymg out ring-opening polymerization, if necessary, with addition.of comonomer to obtain a polymer com- 
pns,ng recurmg un,ts represented by the formulas [!'] and III'] or these units substituted with afkyT 



[I'l 




H=CH- 



[II') 




CH=CH- 



and 



(4) hydrogenating the polymer. 
14. A process according to claim 1 3. wherein content of the cyclopentadiene trimer is reduced to 0.5% or less. 
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Patentansprucho 



Thermoplastisches, durch Norbomen-Rinooffnuna flrhaftoo^ ,• * 

holende Einheiten der.olgenden foa^S^i^ZSTST^ *" Skh Wieder " 

Mol-%. bezogen auf alls Po.ymereinhei.en ubs« C 2ZZl^l T ? T" ^ V ° n mindes,ens 1 0 
fo] von 0.01 -20 dlfc gemessen in Toluol bei 25'C ar^^JJS??^ f^*"*" Und Gru ^^kosita, 
Hauptkene bilden. Einfachbindungen sind- mmdestens 50% der C ~ C-Bindungen, die die 




CH- 



till 




H CH- 



wobei ~ fur eine Doppel- Oder Einfachblindung stent 

2. Hydriertes Polymer nach Anspruch 1 , das im wesentlich 
[II] besteht. 



3 



en aus sich wiederholenden Einheilen der Formeln [I] und 

it eines weiteren Norbornen- 



sen ist: 




CH CH- 



till] 



&CH =ZZ CH- 




CH CH- 



wobei ~ die vorstehend angegebene Bedeutung hat. 

S. Hydriertes Polymer nach Anspruch 3, in dem der Anteil der Einheiten 
Oder mehr betragt. 



[IV] 



[V] 



[I] und (II) an alien Polymereinheiten 30 Mol-% 
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7. Hydriertes Polymer nach Anspruch 1 , in dem der Hydrierungsgrad der Doppelbindungen 80% Oder mehr be.rag,. 

8. Hydriertes Polymer nach Anspruch 1 , in dem der Hydrierungsgrad der Doppelbindungen 90% oder mehr betrag,. 

9. Hydriertes Polymer nach Anspruch 1 , das eine Glasubergangstemperatur Tg von 110'C-180«C hat. 

10. Hydriertes Polymer nach Anspruch 1 , das eine Glasubersangstemperatur Tg von 1 30'C oder mehr hat. 

11. Hydriertes Polymer nach Anspruch to. das sich wiederholende Einheiten [I], [II] und [III] umfaBt. 

12. Hydriertes Polymer nach Anspruch 11 , in dem die Einheit [III] eine unsubstituierte oder mil einem niederen Koh.en 
wasserstoff substituierte Einheit ist. nieaeren Kohlen- 

13. Verfahren zur Herstellung eines hydrierten, durch Norbornen-Rinqoffnuna erhaltenen Pm« m o,c w ■ u ■ _ 
M* /.. bezog.n M i.^.to. s * s «ui 8rten Einh e i,e„ ,„,halt und .in. GrundvisLitat h v„ 0 0, 20 




CH CH- 



til] 




CH ==, CH< 



wobei ~ fur eine Doppel-oder Einfachbindung steht, umfassend die Schritte: 

(1 ) Diels-Alder-Reaktion zwischen 3a,4,7.7 a -Tetrahydroinden und Cyclopentadien 

(2) ^rr,ngerung des Gehal.s an Cyclopen.adientrimerem in dem so erhal.enen Polymer au, 1 Gew-% oder 

(3) fflngoWnungspdymerisation. falls erforderlich, unter Zugabe eines Comonomeren. urn ein Polymer zu erhal- 
Einhl« Wlederh0lenden Einheten FOfmeln " Und P'l «*< «"« AIMre S ,e n s^ t re rt :l 



[I'l 




H-CH- 




CH-CH- 



,und 

(4) Hydrierung des Polymers. 



14. Verfahren nach Anspruch 13. in dem der Gehalt an Cyclopentad 



ientrimerem auf 0.5 Gew.-% oder weniger reduziert 



16 



ist. 



EP 0 430 585 B1 



Revendlcatlons 



Polymere polycyclique hydrogene, thermoplastique, obtenu oar ouverturp Ho rwni* h- 




CH ==. CH 



III] 




CH CH- 



oii ™ designs una simple liaison ou une double liaison. 

2. Polymere hydrogens conforme a la revendication 1 , essentiellement 
les formulas [I] et [II]. 



constitue de motifs repetes represents par 



4. Polymere hydrogene conforme a la revendication 3 dans leauei Ia nr^n. .it h-k,^ - 




CH CH- 



[III] 




CH — CH- 



[IV] 



-^^-CH CH- 



ou ~ a la meme signification que cells indiquee plus haut. 



[V] 
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5. Polymere hydrogene conforme a la revendication 3, dans lequel I? proportion de notifs 'II «• 'in ,n„„ rt * 
nombre total de motifs du polymere. est superieure ou egale & 30 % en nSes 1 M ™ 

6 ' It? M d H° 96n ,t T f T 9 f 13 r9Vendicati0n 3 ' dans "eqwl h Proportion de motifs [I] e. [II] rappor.ee au 
nombre total de motifs du polymere. est superieure ou egale a 50 % en moles. raPPortee au 

7 " S oTStoT" 9 * 13 r6VendiCati0n 1 ' ^ ,eqUe ' ' e *" ^^-tion des doubles liaisons est 
8 ' S ^lX g |tto% n,0fme " ' a f6VendiCa,i0n 1 " danS ' eqUel ' e "» d '^ ro ^-tion des doubles liaisons est 
9. Pofymere hydrogene conforme a la revendication 1 . dont la temperature de transition vitreuse T v vaut de 1 1 O'C a 

10 ' l°Se?S? n6 COni0mQ " ' a feVendiCati ° n 1 " d ° n ' ' a ,9m P 6ratUre de *««ion vitreuse T v est superieure 

11. Polymere hydrogene conforme a la revendication 10. qui comporte des motifs repetes [I], [II] et [III], 

12. Polymere hydrogene conforme a la revendication 11. dans lequel les motifs [III] ne portent pas de substituants ou 
portent des substituants hydrocarbones inferieurs. suosutuants ou 

1 3. Prooedede production d'un polymere polycyclique hydrogene. obtenu par ouverture de cycle tfun compose de type 
norbornene. comportan. des motifs repetes represents par les formules [I] et [II] indiquees ci-deSTs ou d«tk 

tota de r6p on s rr d r sobs,i, r n,s alkyle ' en une proportion ^ ™- « * 

6 20 dl/g. au mo.ns 50 % des chamons .nsatures olefiniques que comporte le polymere etant hydrogenes 




CH CH- 



[II] 




CH =ZT CH- 



ou — d^signe une simple liaison ou une double liaison, 
lequel procede comporte les 6tapes consistent a : 



1 soumettre du 3a,4.7,7a-tetrahydroindene e. du cyclopentadiene a une reaction de Diels-Alder 

2 reduire la teneur en tnmere de cyclopentadiene du polymere resultant a une valeur d'au plus i % en poids 

un c^vtr P ° H ati ° n ° UVertUre dS CyCle - Sn aj ° U,am Un «>™nomere si necessaire, pour o b 2 
un polymere comportant des mot-fs repetes represents par les formules (H et [II'] indiquees ci-dessous ou T 
tels motifs repetes portant des substituants alkyle : 'naiquees ci dessous, ou de 




H=CH- 



[II'] 




CH=CH- 
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et 

4) hydrogSner le polym&re obtenu. 
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